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[57] ABSTRACT

Detecting or measuring of the particle content in gases
particularly in exhaust gases of fossil fuels such as soot
concentration in exhaust gas of diesel engine and the
like, is performed by means of arranging in a gas flow of
a sensor which has two electrically heating faces for

particle deposition and arranged in two parallel bridge
branches of a Wheatstone bridge circuit, wherein one of

the heating faces is constantly preheated so that the
particle deposition on its surface is at a minimum, volt-
age or current or their increase are measured in a diago-
nal branch of the bridge circuit during a heating time
period, and a warning signal or a measuring value for
the particle content is derived from a maximum of the
voltage or current or from a steepness of the voltage or
current increase.

17 Claims, § Drawing Figures
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PROCESS AND DEVICE FOR DETECTION
AND/OR MEASURING OF THE PARTICLE
CONTENT IN GASES

BACKGROUND OF THE INVENTION

The 1nvention relates to a process and a device for
detection and/or measuring the particle content in
gases, in particular in exhaust gases of fossil fuels, like
the soot concentration in the exhaust gas of Diesel mo-
tors and the like, of the genus stated in the preamble of
claim 1.

The degree of blackening of a soot filter being admit-
ted by the exhaust gas is used and evaluated as the mea-
surement for the soot concentration in a known process
of this type for determining the soot concentration in
exhaust gases of internal combustion engines or oil
burning installations. However, it is a prerequisite of
such a process that the filter is free from soot at the
outset of the measuring process. The filter must then be
either cleaned or replaced by a new filter after the mea-
suring process. For cleaning purposes the filter is fre-
quently heated thus burning off the soot layer.

The replacing as well as the cleaning of the filter is
not only very cumbersome, but it also requires consider-
able 1nstallation time. Therefore, the known process is
only used in the stationary operation, for example, for
adjusting the motor at the motor manufacturing plant or
in o1l burning installations.

SUMMARY OF THE INVENTION

The object of the invention is to provide a process
which the invention and in accordance with the charac-
terizing is suitable to be used in the nonstationary opera-
tion, for example, in the vehicle itself.

In the process of the invention two electrical heating
faces (11, 12) are provided as sensor and arranged in
two parallel bridge branches of a Wheatstone bridge
circuit, one heating face (11) is constantly so preheated
that the particle deposition on its surface is at a mini-
mum, the voltage or current, or the increase in voltage
or current are measured in a diagonal branch of the
Wheatstone bridge circuit during a heating time period,
and a warning signal or a measuring value for the parti-
cle content 1s derived from the voltage or current maxi-
mum or the steepness of the voltage or current increase.

The process in accordance with the invention uses
the fact that the removal of the particle deposition, like
soot and the like, on the sensor is an endothermic pro-
cess, that 1s, it consumes heat. Therefore. the heat en-
ergy which is required for heating the heating face for
removing the particle deposition must be higher on a
heating face which is covered with a particle deposition
than with a clean surface. Therefore, in accordance
with the process of the invention the hitherto addition-
ally required cleaning procedure of the sensor is used
for measuring the particle content. Due to this timely
coupling of burning free the sensor and the measuring
procedure, the total measuring time required is consid-
erably shortened, in such a manner that one can obtain
from the measuring a controller output for a constant
control procedure for setting the engine. Measurements
have shown that when using platinum coils as heating
faces the normal voltage or current maximum in accor-
dance with the invention is traversed in less than 50 ms.
Therefore, the measuring procedure can be performed
automatically and constantly with a small period cycle
which provides the prerequisite for the nonstationary
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2

apphcation of the process in the vehicle itself, for exam-
ple, and also offers the possibility for controlling the
motor setting.

The device of the invention includes two electrical
heating faces (11, 12) provided as a sensor and arranged
in two parallel bridge branch of a Wheatstone bridge
circuit, one heating face is constantly so preheated that
the particle deposition on its surface is at a minimum,
means 1s provided for measuring the voltage or current,
or the increase in voltage or current in a diagonal
branch of the Wheatstone bridge circuit (17) during a
heating time period, and means is provided for deriving
signal or a measuring value for the particle content from
the voltage or current maximum or the steepness of the
voltage or current increase.

In accordance with advantageous embodiment of the
device the Wheatstone bridge circuit is used with the
two heat faces in parallel bridge branches by means of a
selector switch in such a manner that in the one switch
position only the heating face is operated with an appre-
ciable heat filament energy consumption with which a
surface temperature of more than 200° C. can be ob-
tained and in the other switch position both heating
faces are heated with full heat filament energy con-
sumption, so that a surface temperature of more than
400" C. is obtained at both heating faces. The selector
switch can be automatically actuated by means of a
control device, whereby the one reverse switching
moment 1S determined by an advance time and the other
reverse switching moment is determined by the time
mterval until traversing the voltage or current maxi-
mum.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to 1ts construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of spe-
cific embodiments when read in connection with the
accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 an electrical circuit diagram of a device for -
detection and/or measuring the soot concentration in
the exhaust gas of a Diesel engine,

FIG. 2 a diagram of the chronological curve of the
voltage or the current in the diagonal branch of the
Wheatstone circuit in FIG. 1,

FIG. 3 a schematic illustration of the arrangement of
a sensor in FIG. 1 in the gas flow,

FIGS. 4 and 5 are plan views of a partial element of
the sensor in the direction of arrow A in FIG. 3 in

accordance with a first and a second exemplified em-
bodiment.

DESCRIPTION OF THE EXEMPLIFIED
EMBODIMENT

The device illustrated in a circuit diagram in FIG. 1
for the detection and/or measuring the soot concentra-
tion in the exhaust gas of Diesel engines is provided
with a sensor 10 which is exposed to the exhaust gas. As
can be seen from FIGS. 1 and 3, the sensor is provided
with two heating faces 11 and 12 which are disposed in
a wedge like manner and are so positioned in the gas
flow 13 (FIG. 3) that their sweepbacks are directed
opposite to the flow direction of the gas flow. Each
heating face 11 or 12 is formed by a heating coil 14 or
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14" made of platinum. It is formed elongated in the
exemplified embodiment of FIG. 5 and 1s formed as a
coil 15 in the exemplified embodiment of FIG. 4. The
heating wire 14 or 14’ is mounted on a ceramic substrate
platelet 16 or 16’ by means of a screen printing process,
for example.

As can be seen from FIG. 1, the electrical heating
faces 11,12 are disposed in parallel bridge branches of a
Wheatstone bridge circuit 17. A measurement value
recetver 21 1s disposed in the diagonal branch 20 of the
Wheatstone bridge circuit 17 and is either a voltage
meter or a current meter. The two ends of the electrical
heat faces 11,12 which are not connected with the resis-
tors 18 or 19 are connected with the negative pole of a
direct current source 22, while the two ends of the
resistors 18,19 which are not connected with the heat-
ing surfaces 11,12 are connected with one of two out-
puts of a two pole reverse switch 23. The four inputs
24-27 of the two pole reverse switch 23 are connected
with the positive pole of the direct voltage source 22.
The first input 24 is connected with the positive pole at
the direct voltage source 22 through a resistor 28, the
second input is connected through a resistor 29 whose
resistance value is higher than the one of the resistor 28,
and the two other inputs 26 and 27 are provided for the
other switch position of the reverse switch 23, are con-
nected directly.

The measuring or detection process for the soot con-
centration in the exhaust gas is carried out with the
aforementioned described device as follows:

At first, reverse switch 23 assumes the position illus-
trated in FIG. 1. In view of the aforementioned dimen-
sioning of resistors 28 and 29 a heating current flows
through the heating face 11 which causes a preheating
of the heating face 11 to about 200°, so that no notice-
able sooting occurs on the surface of heating face 11 in
view of this heating. In contrast thereto, the heating
face 12 does hardly receive a noticable heating current
because of its very high resistor 29, whereby its temper-
ature 1s not substantially increased or not increased at
all. .

After a time interval, at which a minimum assumed
soot deposition has precipitated on the substantially
unheated and cold heating face 12, the reverse switch 23
18 reversed and the two heating faces 11 and 12 are
loaded with a full filament heat energy during a time
period. During this heating time period, either the cur-
rent which flows through the diagonal branch 20 of the
Wheatstone bridge circuit 17 or the dropping voltage
through diagonal branch 20 i1s measured. Arbitrary
selected examples of the chronological voltage path 20
are shown in FIG. 2. The heating face 12 in the voltage
path a was very much sooted during the time period of
the reversal of reversal switch 23. During a lesser soot
deposition on heating face 12 one receives the voltage
path 1n accordance with curve b and when no soot is
present on the heating face 12 one obtains a voltage path
in accordance curve ¢. During the time period t,, the
reverse switch 23 1s switched from its position shown in
FIG. 1 into its other switch position. The starting point
toand the end point tz of curves a and b are on the t-axis
during a uniform dimensioning of resistors 18 and 19.
Also the curve ¢ coincides with the t-axis. The filament
heat energy of the two hot faces 11 and 12 is so selected
that the surface temperature of both heating faces 11,12
reaches at least 400° during the heating time period.
Thereby, the heat time period, that is, the time during
which the two heat faces 11,12 are connected directly
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with the direct voltage source 22 through resistors 18
and 19 is so selected that at least the current or voltage
maximum 1s obtained. The preswitched interval, which
is preswitched before this heating time duration, is di-
mensioned so large that an assumed minimum soot de-
position cannot form on the preheated heating face 12.

The measured value which had been received by the
measuring value receiver 21, that is, the current or voit-
age path in accordance with FIG. 2, is fed to a signal
processing device 30 which determines either the cur-
rent or the voltage maximum of the chronological cur-
rent or voltage increase and generates therefrom either
a warning signal for an indicator 31 or a n output con-
troller for controlling the engine setting which is fed
through line 32 to a control circuit (not shown) for the
engine setting. The i1llumination of indicator 31 signals
the exceeding of an assumed maximum permissible soot
concentration in the exhaust of the Diesel engine.

A control device 33 takes care of the automatic oper-
ation of the aforementioned described measuring proce-
dure, whereby the signal processing device 30 of the
control device 33 indicates the end of the measuring
time period and the control device 33 defines the period
duration until the repetition of the individual measuring
operations, and also reverses the reverse switch 23 for
initiating and finishing of a given measuring operation.

I claim:

1. A process of detecting and measuring the particle
content in gases, particularly in exhaust gases of fossil
fuels such as soot concentration in exhaust gas of Diesel
engines and the like, comprising the steps of providing
a sensor having two electrical heating faces to be posi-
tioned in a gas flow for deposition of particles thereon;
arranging said two electrical heating faces in two paral-
lel branches of a Wheatstone bridge circuit; preheating
one of said heating faces so that the particle deposition
on its surface is at a minimum,; heating the heaating faces
during a heating time period, measuring voltage or
current or their increase in a diagonal branch of the
Wheatstone bridge circuit during the heating time per-
iod; and deriving a warning signal or a measuring value
for the particle from a maximum of the voltage or cur-
rent or from a steepness of the voltage or current -
crease.

2. A process as defined in claim 1; and further com-
prising the step of the obtaining a controlier output for
an engine from the particle measuring value.

3. A process as defined in claim 1, wherein said heat-
ing step includes heating during such a time period
which corresponds to at least to a time interval in which
the voltage or curent maximum 1is obtained.

4. A process as defined in claim 1; and further com-
prising preswitching such a large preswitched interval
to one given heating time period that a predetermined
minimum particle deposition can form on the other
non-preheated heating face.

5. A process as defined in claim 1, wherein said pre-
heating step includes preheating the one heating face so
that it reaches a surface temperature of more than 200°
C.

6. A process as defined in claim 1, wherein said heat-
ing step includes dimensioning filament heat energy
during the heating period so that a surface temperature
of the two heating faces reaches at least 40° C.

7. A device for detecting and measuring the particle
content in gases, particularly in exhaust gases of fossile
fuels, such as soot concentration in exhaust gas of Diesel
engines and the like, comprising a sensor including two
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electrical heating faces arranged to be positioned in a
gas flow for particle deposition thereon; a Wheatstone
bridge circuit having two parallel bridge branches and a
diagonal branch, said two electrical heating faces being
arranged in said parallel bridge branches of said Wheat-
stone bridge circuit; means for preheating one of said
heating faces constantly so that particie deposition on
its surface 1s at a minimum, and for heating said two
electrical heating faces during a heating time period;
means for measuring voltage for current or their in-
crease In said diagonal branch of said Wheatstone
bridge circuit during said heating time period; and
means for deriving a warning signal or a measuring
value for the particle content from a maximum of the
voltage or current, or from a steepness of the voltage or
current increase.

8. A device as defined in claim 7; and further compris-
ing a first resistence with which said first heating face is
connected 1n series in a first connecting point and a
second resistance with which said second heating face is
connected In series in a second connecting point, said
second resistance s parallel to said first resistence, said
measuring means being arranged between said two con-
necting points, said heating means icluding a direct
voltage source and a two pole reverse switch having
two outputs each connected with a respective one of
said resistences and four imputs arranged so that a first
mnput is connected with said direct voltage source
through a third resistence, a second input is connected
with said direct voltage source through a fourth resist-
ence which is substantially larger than said third resist-
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ence, and a third and a fourth inputs are directly con-
nected with said direct voltage source.

9. A device as defined in claim 8, wherein said mea-
suring means is a voltage or current meter.

10. A device as defined in claim 9, wherein said deriv-
ing means includes a signal processing device which is

connected with said voltage or current meter and gen-
erates a warning or control signal from the maximum of
the voltage or current or from the voltage or current
Increase.

11. A device as defined in claim 7, wherein said elec-
trical heating faces are arranged in a wedge-like manner
and directed in the gas flow so that their sweepback is
directed opposite to the flow direction.

12. A device as defined in claim 7, wherein said elec-
trical heating faces are provided with a heating wire.

13. A device as defined in claim 12, wherein said
heating wire 1s composed of platinum.

14. A device as defined in claim 12, wherein said
heating wire is an elongated substantially straight wire.

15. A device as defined in claim 12, wherein said
heating wire is formed as a coiled wire.

16. A device as defined in claim 12, wherein said
electrical heating faces also have a ceramic substrate,
said heating wire being mounted on said ceramic sub-
strate. |

17. A device as defined in claim 16, wherein said
heating wire is formed as a screen-printed wire on said

ceramic substrate.
¥k * * 4 *
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